Summary: In helical strips of dog middle cerebral arteries partially contracted with prostaglandin (PG) F2a, relax ations induced by angiotensin-II, possibly mediated by PGI2, and those induced by PGH2 were reversed to a contraction or markedly reduced by treatment with he molysate, which, however, attenuated the PGIz-induced relaxation only slightly. The relaxant response of human middle cerebral arterial strips to PGHz was also sup pressed by hemolysate. Dog and monkey middle cerebral arteries responded to transmural electrical stimulation and nicotine with transient relaxations, which were quite susceptible to tetrodotoxin and hexamethonium, respec tively; the relaxations were abolished almost completely by hemolysate and methylene blue. On the other hand, the relaxant response of dog cerebral arteries to a low concentration of K + was not influenced by hemolysate or by methylene blue, but was reversed to a contraction by treatment with ouabain. Relaxations induced by subProlonged cerebral vasospasm after subarach noid hemorrhage evokes severe impairment of local cerebral blood flow, frequently resulting in fatal brain dysfunction. Constituents of erythrocytes and substances produced during the course of hemo lysis of a blood clot appear to play an important role in the genesis of cerebral vasospasm (White, 1983a,b), as injections of autologous blood into ce rebral subarachnoid space provokes angiographic ally verified vasospasm in monkeys, dogs, and rats (Allen and Bahr, 1979; Barry et aI., 1979; Ritchie et aI., 1980), and hemolysate applied in vitro and in situ intensively contracts large cerebral arteries (Osaka, 1977; Ozaki and Mullan, 1979; Toda et aI., 1980). Such an arterial smooth muscle contraction is hypothesized to be associated with vasocon strictor prostaglandins (PGs) liberated from the 
Prolonged cerebral vasospasm after subarach noid hemorrhage evokes severe impairment of local cerebral blood flow, frequently resulting in fatal brain dysfunction. Constituents of erythrocytes and substances produced during the course of hemo lysis of a blood clot appear to play an important role in the genesis of cerebral vasospasm (White, 1983a,b) , as injections of autologous blood into ce rebral subarachnoid space provokes angiographic ally verified vasospasm in monkeys, dogs, and rats (Allen and Bahr, 1979; Barry et aI., 1979; Ritchie et aI., 1980) , and hemolysate applied in vitro and in situ intensively contracts large cerebral arteries (Osaka, 1977; Ozaki and Mullan, 1979; Toda et aI., 1980) . Such an arterial smooth muscle contraction is hypothesized to be associated with vasocon strictor prostaglandins (PGs) liberated from the stance-P and nitroglycerin were markedly inhibited by hemolysate; removal of endothelium abolished the relax ation by substance-P, but did not influence the nitroglyc erin-induced relaxation. Hemolysate may interfere with the biosynthesis of PGI2 in the vascular wall, thereby re versing the relaxation induced by angiotensin-II and PGH2 to a contraction. Relaxations induced by electrical and chemical stimulation of vasodilator nerves inner vating cerebral arteries appear to be elicited by a mecha nism dependent on cellular cyclic guanosine monophos phate (GMP), like that underlying the substance-P-in duced and nitroglycerin-induced relaxation. These actions of hemolysate may be involved in the genesis of cerebral vasospasm after subarachnoid hemorrhage. Key Words: Cerebral artery relaxation-Erythrocyte break down products-Prostacyclin-Prostaglandin H2-Va sodilator nerve. vascular wall in response to hemolysate (Toda et aI., 1980; Okamoto et aI., 1984) , as the contractile response of dog cerebral arteries to hemolysate is inhibited by polyphloretin phosphate, a PG antago nist (Eakins et aI., 1971) , and cyclooxygenase inhibitors, and a PG-like substance is biologically detected in superfusate of the cerebral arteries stimulated by hemolysate. In contrast to a possible liberation by hemolysate of vasoconstrictor PGs, angiotensin-II releases vasodilator PGs, possibly PGI2, from the cerebral arterial wall (Toda and Miyazaki, 1981; Toda, 198Ia) . Both hemolysate and angiotensin-lI are expected to activate membrane phospholipase A2 and liberate arachidonic acid; however, the reason why PGs showing the opposite vascular actions are produced by these substances is not clear.
Hemoglobin has recently been demonstrated to suppress vasodilator actions of acetylcholine and nitroglycerin in the isolated rabbit aorta, possibly by interfering with endothelial cell function, and the intracellular production of cyclic guanosine monophosphate (GMP) (Martin et aI., 1985) . Inner vation by nonadrenergic, noncholinergic vasodi lator nerves in large cerebral arteries is postulated from pharmacologic studies (Toda, 1975 (Toda, , 1983 Lee et aI., 1975) ; relaxations of isolated dog cerebral ar teries by electrical stimulation of the nerves are re portedly abolished by treatment with hemolysate (Lee et aI., 1984) .
The present study was undertaken to clarify a mechanism underlying the indirectly induced oppo site responses (relaxation and contraction) of cere bral arteries to angiotensin-II and hemolysate and to determine actions and mechanisms of action of hemolysate in isolated dog middle cerebral arteries in response to vasodilator interventions, including electrical and chemical stimulation (with nicotine) of vasodilator nerves, low concentrations of K + , angiotensin-II, PGH2, PGI2, substance-P, and nitro glycerin.
MATERIALS AND METHODS
Mongrel dogs of either sex, weighing 7-15 kg. were anesthetized with intraperitoneal injections of sodium pentobarbital (SO mg/kg) and were killed by bleeding from the carotid arteries. The brain was rapidly removed. and middle cerebral arteries of 0.6-0.8 mm outside diameter were isolated. Under pentobarbital anaesthesia, 4 Japa nese monkeys (Macaca fi/scata) were killed by bleeding.
From the isolated brain, middle cerebral arteries (0.6-0.8 mm) were removed. Middle cerebral arteries (1.0-1.5 mm) were also obtained from human cadavers (33. 41. and 60-year-old men) during autopsy 12-20 h after death. Reactivity to K + and other vasoconstrictor agents is re tained well in human cerebral arteries for up to 24 h after death (Toda et aI., 1985) . Causes of death were stroke and exsanguinating hemorrhage. The arteries were helically cut into strips. approximately 20 mm long. The spec imens were vertically fixed between hooks in a muscle bath containing the modified Ringer-Locke's solution. which was aerated with a mixture of 95% O2 and So/, CO2 and maintained at 37 ± 0.3°e. The hook anchoring the upper end of the strips was connected to the lever of a force-displacement transducer (Nihonkohden Kogyo Co., To kyo, Japan). The resting tension was adjusted to 1.5 g for the dog arteries, to 1.0 g for the monkey arteries, and to 2.0 g for the human arteries. Constituents of the solution were as follows (in millimolars): NaCI 120, KCI 5.4, NaHC03 25.0, CaCI2 2.2, MgCI2 1.0, and dextrose 5.6. The pH of the solution was 7.35-7.42. The prepara tions were allowed to equilibrate for 60-90 min in the bathing media, during which time the fluids were re placed 3 times every 10-15 min.
The dog and monkey cerebral arterial strips were placed between a pair of stimulating electrodes (Toda. 1971) . The gaps between the strip and the electrodes were wide enough to allow undisturbed contractions and relaxations and yet sufficiently narrow to permit stimula tion of intramural nerve terminals effectively. The strips were stimulated transmurally by a train of 0.2-msec square pulses of supramaximum intensity. at frequencies of 2,5, and 20 Hz for periods of 100, 40, and 10 s, respectively. Stimulations at 5 Hz had been applied repeatedly with an interval of 10 min until steady responses were obtained.
Isometric contractions and relaxations were displayed on an ink-writing oscillograph (Nihonkohden Kogyo Co.). The contractile response to 30 mM K + was first obtained. and the preparations were repeatedly washed and equilibrated for 40-50 min in fresh media. Cumula tive concentration-response curves for PGI2 and nitro glycerin were obtained by adding the compounds directly to the bathing media. Responses to nicotine (10-4 M), angiotensin-II (10-7 M), PGH2 (10-7 M). substance-P (10-7 M), and K+ (5 mM) in single concentrations were obtained. Before the relaxant responses were obtained, the strips had been contracted with PGF2a (10-7_10-6 M); the contractions were in a range between 30 and 45% of the contraction induced by 30 mM K +. At the end, papaverine (10-4 M) was added to attain the maximal re laxation; relaxations induced by test drugs were calcu lated as relative values to those by papaverine. In some strips of the dog cerebral artery, intimal surface was gently rubbed by cotton pellet to remove the endothe lium. Removal of endothelium was confirmed histologi cally and by testing the relaxant response to substance-Po In the experiments in which vasodilator responses were obtained in the presence of pharmacologic antagonists, the antagonists were added 20-30 min prior to the addi tion of the vasodilators.
Blood was collected from the dog common carotid ar tery in a plastic bag for blood transfusion, which con tained 0.66 g of sodium citrate. The blood was centri fuged for 20 min at 500 rpm. Supernatant platelet-rich plasma and the upper one-third of blood cells were dis carded. After the addition of the same volume of saline, suspended blood cells were centrifuged again for 10 min at 3,000 rpm, and packed erythrocytes were isolated. The erythrocytes were washed 3 times with 5 vol of saline. Finally. the equal volume of distilled water was added and stored overnight at 4°C to complete hemolysis. The hemolyzed solution was then centrifuged for 20 min at 10,000 rpm, and the ghost-free supernatant was used as hemolysate. The concentration of the hemolysate was expressed as the hemoglobin content, which was assayed by a hemoglobincyanide method (Matsubara et aI., 1972) .
The results shown in the text and figures are expressed as mean values ± SEM. Statistical analyses were made using the Student's paired and unpaired t test and the Tu key's method after one-way analysis of variance. Drugs used were nicotine (base), angiotensin-II, sub stance-P (Protein Research Foundation, Osaka. Japan), prostaglandin (PG) 12 sodium salt, PGH2, PGF2a, diphlor etin phosphate (Ono Pharmaceutical Co., Osaka, Japan), nitroglycerin (Nippon Kayaku Co., To kyo, Japan), hexa methonium bromide, saralasin [(Sari ,Ala8)-angiotensin II; Protein Research Foundation, Osaka, Japan], indo methacin, ouabain octahydrate (E. Merck, Darmstadt, West Germany), tranylcypromine sulfate, methylene blue trihydrate (Nakarai Chemicals, Ltd., Kyoto, Japan), and papaverine hydrochloride. PGHz was prepared following the procedure described by Yoshimoto et al. (1977) and was dissolved in acetone to make a concentrated solution of 4 x 10-5 M. Ampoules containing a small quantity of the PGH2 solution were stored at -74°e. The stock solu tion of 50 ILl was directly added to 20 ml bathing media. PGlz (100 ILg) was dissolved on the day of use in 20 ILl of 100% ethanol and was diluted by 50 mM carbonate-bi-carbonate buffer solution (pH 9.2). The solvent per se did not significantly alter the tone of arterial strips.
RESULTS

Cerebral arterial relaxation induced by transmural stimulation, nicotine, and K +
In helical strips of dog middle cerebral arteries partially contracted with PGF2a, the application of transmural electrical stimulation at frequencies of 2, 5, and 20 Hz produced a frequency-dependent relaxation, which was abolished by 3 x 10-7 M te trodotoxin. The relaxant response was abolished by treatment with hemolysate in a concentration of 1.6
x 10-5 M assayed as hemoglobincyanide in 6 of 9 strips and was reversed to a contraction in the re maining 3 strips (Fig. I, left) . Hemolysate caused an additional contraction in the arterial strips pre viously contracted with PGF2a; however, the in creased contraction per se (due to the addition of PGF2a alone) did not attenuate the relaxation in duced by the nerve stimulation. Treatment with methylene blue in a concentration (10-5 M) suffi cient to markedly attenuate the relaxation induced by acetylcholine in dog renal arteries (unpublished data) abolished almost completely the relaxant re sponse to transmural electrical stimulation; the re laxations at 2,5, and 20 Hz averaged 37.0 ± 2.6%, 40.8 ± 4.1%, and 22.0 ± 4.0% (n = 4), respec tively, in control media, and 2.0 ± 2.0%, 2.3 ± 1.9%, and 0.8 ± 0.8% (n = 4), respectively, in the presence of methylene blue. Relaxations of a monkey middle cerebral arterial strip induced by transmural stimulation were also abolished by dog hemolysate (Fig. 2) . Similar results were obtained in three additional monkey arterial strips treated with monkey hemolysate (n = 2) and dog hemoly sate (n = 1). In 1 of 5 monkey cerebroarterial strips and 3 of 15 dog arterial strips, the relaxation in- duced by transmural stimulation was not influenced by 3 x 10-7 M tetrodotoxin, suggesting that the response is not due to activation of autonomic nerves, but possibly to stimulation of smooth muscle. In these cases, hemolysate (up to 4.8 X 10-5 M) did not reduce the relaxant response. Nicotine (10-4 M) induced relaxations were also abolished by hemolysate (1.6 x 10-5 M) (Fig. I , middle, and Fig. 3 ) and by 10-5 M hexamethonium. The inhibitory effect was reversed by repeated
Modification by hemolysate of the relaxant response to transmural electrical stimulation, nicotine, and K+ in dog middle cerebral arterial strips contracted with PGF 2 a. Relax ations induced by 10-4 M papaverine were taken as 100%; mean absolute values in control (e) and hemolysate (1. 6 x 10-5 M) treated strips (H) were 782 ± 149 and 1,149 ± 222 mg (n = 9), respectively, in experiments with transmural stimulation (2 -20 Hz) and 652 ± 61 and 678 ± 72 mg (n = 8), respectively, in experiments with nicotine (10-4 M); those in control and hemolysate (1.6 and 4. 8 x 10-5 M) treated strips in response to K+ (5 mM) were 520 ± 68, 511 ± 63, and 574 ± 49 mg (n = 11), respectively. aSignificantly dif ferent from control, p < 0.001; bp < 0.01. Numbers in paren theses indicate the number of preparations used. Vertical bars represent SEM.
washing of the preparations. Treatment with meth ylene blue (10-5 M) abolished the nicotine-induced relaxation (43.8 ± 8.6%) in 6 of 6 strips. On the other hand, relaxations induced by 5 mM K + were not influenced by hemolysate in concentrations up to 4.8 X 10-5 M (Fig. I, right) nor by 10-5 M meth ylene blue (from 37.0 ± 6.9% to 33.0 ± 5.4%, n = 4), but were markedly suppressed or reversed to contractions by treatment with 2 x 10-7 M oua bain, as already demonstrated in an earlier report (Toda, 1974) . The addition of angiotensin-II (10-7 M) elicited a slight contraction followed by a transient, moderate relaxation in dog middle cerebral arteries con tracted with PGF2a. The relaxation was markedly attenuated by treatment with hemolysate (1.6 x 10-5 M) (Fig. 4, middle) , was abolished by 10-8 M saralasin, and was reversed to a contraction by 10-6 M indomethacin. The angiotensin-induced contraction was significantly increased from 33 ± IS to 116 ± 27 mg (n = 11, P < 0.05) by hemoly sate. Typical recordings of the response to angio tensin-II before and after treatment with hemoly sate are shown in Fig. 3 .
PGH2, in a concentration of 10-7 M, produced a slight contraction followed by a moderate relax ation in middle cerebral arteries contracted with PGF2a. The relaxant response was abolished almost completely by hemolysate (Fig. 4, right) tranylcypromine (n = 3). The PGH2-induced con traction was significantly increased from 67 ± 10 to 159 ± 35 mg (n = 8, p < 0.05) by hemolysate. Sup pression of the relaxant response to PGH2 and po tentiation of the contraction were also observed in 3 human middle cerebral arterial strips treated with dog hemolysate. The typical recordings are pre sented in Fig. 5 .
Contractions induced by 10-7 M PGH2 055 ± 34 mg, n = 4) in the media containing hemolysate were abolished by treatment with 10-5 M diphlor etin phosphate, a PG antagonist (Toda, 1982b) .
Middle cerebral arteries from dogs and humans responded to PGl2 00-8-]()-6 M) with a dose-de pendent relaxation (Fig. 4, left, and Fig. 5) ; the re laxation of dog cerebral arteries was significantly attenuated by treatment with hemolysate (Fig. 4,  left) . The inhibition was reversed by repeated washing of the preparations. On the basis of average relaxations induced by PGI2, angiotensin II, and PGH2, shown in Fig. 4 , angiotensin-II (10-7 M) and PGH2 (10-7 M) were equipotent to PGI2 in concentrations of 1.2 and 2.2 x 10-8 M. respec tively. Inhibitions by hemolysate of the relaxant re sponse to ]()-7 M angiotensin-II and to the equipo tent concentration of PGlz were 89.3% and 32.0%, respectively, and those of the relaxation by 10-7 M PGH2 and the equipotent concentration of PGIz were 86.8% and 27.7%, respectively. Lesser degree of antagonism of hemolysate to the PGIz action than that to actions of angiotensin-II and PGHz is clearly presented in Figs. 3 and 5.
Cerebral arterial relaxation induced by substance-P and nitroglycerin
The addition of 10-7 M substance-P caused a transient relaxation in cerebral arteries partially contracted with PGF2a. The relaxation was atten uated in part by treatment with 10-6 M indometh acin. Therefore, the following experiment with sub stance-P was carried out in the arteries treated with indomethacin. Tachyphylaxis did not develop with repeated application of 10-7 M substance-P.
Treatment with hemolysate (1.6 x 10-5 M) mark edly reduced or abolished the relaxation induced by substance-P (10-7 M) and nitroglycerin 00-9-]()-5 M) (Fig. 6) . Removal of endothelium abolished the relaxation induced by substance-P (n = 4), but did not significantly alter the nitroglycerin-induced re laxation (n = 5).
DISCUSSION
Angiotensin-II produces a slight contraction under resting conditions, but a contraction followed by a moderate relaxation in isolated dog proximal cerebral arteries precontracted with PGF2a. The re laxation appears to be due to an activation of an giotensin-II receptors, which possibly provokes a release of arachidonic acid from cell membranes , resulting in biosynthesis of PGI2. This hypothesis is supported by the fact that the relaxation is abol ished by angiotensin-II antagonists, is reversed to a contraction by cyclooxygenase inhibitors, and is suppressed by inhibitors of PGl2 synthesis and phospholipase A2 activity (present study; Toda and Miyazaki, 1981; To da, 198 1a) . Release of PGl2-like substance is biologically detected in isolated super fused dog renal arteries stimulated by angiotensin II (Toda and Miyazaki, 1981) . PGH2 also produced a relaxation, possibly due to a conversion of the en doperoxide to PGl2 in the vascular wall, as tranyl cypromine (present study; Toda, 1980) droperoxyarachidonic acid (Toda, 1980) , PGl2 syn thesis inhibitors (Gryglewski et aI., 1976) , reversed the relaxation to a contraction. On the basis of vas cular actions, conversion to PGI2 from arachidonic acid released by angiotensin-II and from PGH2 ap plied seems to predominate over the conversion to other PGs and thromboxane A2 in the vascular wall. Equipotent concentrations of PGI2 to 10-7 M PGH2 in cerebral arteries were 2.2 x 10-8 M. Ap proximately 11.9% of total 14C-PGH2 (2 x 10-6 M) added to the human endothelial cell culture medium is reportedly recovered as 6-keto PGF la during a 5-min exposure (Marcus et aI., 1978) . Relaxations induced by angiotensin-II and PGH2 of cerebral ar teries were abolished or markedly reduced by treatment with hemolysate, and contractions of ce rebral arteries were potentiated. Suppression of the relaxant response to octapeptide and endoperoxide 
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Cone. of nitroglycerin (M) was evidently greater than that of the relaxations induced by equipotent concentrations of PGI2; average inhibitions in the relaxant response to an giotensin-II and PGl2 were 89% and 32%, respec tively, and the inhibitions of PGH2-and PGI2-in duced relaxations were 87% and 28%, respectively. Endothelium plays a role in releasing PGl2 from dog arteries stimulated by angiotensin-II and histamine (Toda, 1984) , but is not a sole site for PGl2 biosyn thesis (Goldsmith, 1982) . Therefore, it may be con cluded that attenuation by hemolysate of the re laxant response to angiotensin-II and PGH2 is asso ciated mainly with decreased synthesis or increased degradation of PGl2 and/or with the attenuation of the response to PGl2 released. This would also be the case in human cerebral arteries, as the PGH2-induced relaxation was also abolished by hemoly sate in the human arteries. Possible increase in the degradation of PGl2 by hemolysate could not be excluded. However, the fact that the magnitude or the duration of PGH2-induced contractions was in creased by hemolysate, producing intense cere broarterial contractions via the release of vasocon strictor PGs, indicates that impairment of PGl2 syn thesis and, as a result, increase in synthesis of the other PGs is more feasible. Electrical as well as chemical stimulation (with nicotine) of autonomic nerves innervating cerebral arteries of humans, monkeys, dogs, cats, rabbits, and sheeps elicits a relaxation (Toda, 1975 (Toda, , 1981h, 1982a Lee et aI., 1975; Duckles et aI., 1977) ; how ever, the transmitter substance in the vasodilator nerve has not been identified. The indirectly in duced relaxation was abolished by hemolysate in monkey and dog cerebral arteries, whereas relax ations induced by direct stimulation of smooth muscle were not affected. Nicotine-induced relax ations are unaffected by tetrodotoxin (Toda, 1975) FIG. 6. Modification by hemolysate (1.6 x 10-5 M) of the re laxant response to substance-P and nitroglycerin in dog ce rebral arterial strips contracted with PGF2a. Relaxations in duced by 10-4 M papaverine were taken as 100%; mean ab solute values in control (e) and hemolysate-treated strips (H) in experiments with substance-P (10-7 M) were 576 ± 75 and 536 ± 98 mg (n = 9), respectively, and those in experi ments with nitroglycerin were 415 ± 48 and 401 ± 90 mg (n = 6), respectively. -Significantly different from control, p < 0.001; bp < 0.01. Numbers in parentheses indicate the number of preparations used. Vertical bars represent SEM.
in a concentration (3 x 10-7 M) sufficient to abolish the relaxation by electrical nerve stimula tion, suggesting that nerve action potentials are not involved in the release of transmitter substance by nicotine. It is therefore suggested that hemolysate does not block nerve action potentials, but inter feres either with the release of transmitter sub stance from nerve terminals or with postsynaptic mechanisms, such as binding of transmitter sub stance to receptors of smooth muscle cell mem branes, intracellular processes responsible for muscle relaxation, etc.
Hemolysate suppressed endothelium-dependent and independent relaxations induced by substance P and nitroglycerin, respectively. Hemoglobin also inhibits the relaxations due to acetylcholine, aden osine triphosphate (AT P), and nitroglycerin (Martin et aI., 1985; Fujiwara et al., 1986) . The inhibitory effect of hemolysate may be due to hemoglobin; however, involvement of the other constituents of hemolysate cannot be excluded. Martin et al. (1985) have postulated that hemoglobin selectively inhibits the relaxation induced by agents that increase cel lular cyclic GMP by acting directly on smooth muscle or indirectly via a release of the endothe lium-derived relaxing factor. Removal of endothe lium fails to alter the relaxant response to electrical (Lee, 1980) and chemical stimulation of the nerves (Toda, unpublished data). In addition, inability of atropine to attenuate the relaxation by the nerve stimulation (Toda, 1975 (Toda, , 1982a excludes the in volvement of a cholinergic mechanism. Relaxations induced by transmural electrical stimulation and nicotine were abolished by methylene blue, a gua nylate cyclase inhibitor (Gruetter et al., 1981) . Therefore, the transmitter substance released from the vasodilator nerve may act on smooth muscle and activate guanylate cyclase, thus increasing cy-N. TODA clic GMP levels, and inhibitions of the relaxant re sponse by hemolysate may result from decreased cyclic GMP production. It is postulated that neuro genic relaxations in the bovine retractor penis muscle is also mediated by cyclic GMP (Bowman and Drummond, 1984) .
In contrast to relaxations induced by transmural electrical stimulation and nicotine, K + (5 mM) in duced relaxations were not influenced by treatment with hemolysate. Activation of the electrogenic Na + pump is postulated to be involved in the tran sient relaxation induced by small amounts of K + , as the relaxation is abolished by ouabain, increase in K + in the bathing media and substitution of Li + for Na +, reduced by lowering temperature (Toda, 1974 (Toda, , 1976 , and is associated with hyperpolariza tion of smooth muscle cell membrane (Harder, 1983) . Hemolysate does not appear to interfere with the N a + pump activity.
A question as to why hemolysate contracts dog cerebral arteries and why, in contrast, angio tensin-II relaxes the arteries via a common pathway of releasing arachidonic acid may there fore be answered by the inhibition by hemolysate of the PGI2 biosynthesis in the vascular wall. Interfer ence with the synthesis of PGI2 is expected to in crease the production of vasoconstrictor PGs, such as PGF2o:, PGE2, PGD2 (Toda, 1982h) , and throm boxane A2• In fact, hemolysate increased cere broarterial contractions induced by angiotensin-II and PGH2, which were abolished by treatment with the PG antagonist diphloretin phosphate. Further more, hemolysate abolishes cerebroarterial dilata tion caused by dilator nerve activation and endoge nous vasodilator substances that relax vascular smooth muscle, possibly by increased production of cyclic GMP. These antagonistic actions of hemo lysate, together with its vasoconstrictor action (Ozaki and Mullan, 1979; Toda et aI., 1980) , may be involved in the genesis of prolonged cerebral vaso spasm after subarachnoid hemorrhage. 
